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Abstract: This paper examined the application of ultrasonic agitation in conventional non-ionic detergent wool 
scouring. Wool samples with different mean fibre diameters were selected and subjected to various scouring times 
and temperatures with and without ultrasonic agitation. Scouring efficiency was assessed in tenns of grease content, 
fibre whiteness, scouring yield and fibre entanglement. The scoured fibres were also examined under a scanning e-
lectron microscopy to evaluate the effect of ultrasonic agitation on the fibre surface structure. Ultrasonic agitation 
was seen to significantly improve the removal of grease from the wool fibre. Lower detergent concentrations could be 
used with ultrasonic agitation and still achieve the same level of scouring as conventional scouring. Lower scouring 
temperatures of 50"C were feasible with ultrasonic agitation for 22 micron fibres. Ultrasonic agitation produced vir-
tually no fibre entanglement during scouring. The fibre surface was modified by ultrasonic agitation causing moder-
ate cracking of the fibre cuticle. The fibre cracking increased the rate of pre-metalised dye pick up at 40"C. 
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o Introduction 
Wool scouring is one of the most important stages of early-stage wool processing. The objective of scouring is to 
remove contaminants such as grease, dirt, and suint from the wool without damaging the fibre properties. The scou-
ring method and technique applied have a direct effect on the quality of scoured wool[l-2) . Although many systems 
for scouring have been developed only two systems have gained any wide use. These two systems are aqueous scou-
ring and solvent scouring. Both systems have their advantages and disadvantages. 
In aqueous scouring emulsification of the grease on the fibre surface is the most important process. The deter-
gent, water, temperature and mechanical movement of the scouring liquor act to remove the contaminants from the 
wool. Aqueous scouring systems currently in use include the WRONZ mini-bowl system and the Fleissner Drum 
SCour etc. Aqueous scouring is usually carried out under conditions of high temperature (50 "C plus) and high de-
tergent concentrations. It involves high consumption of water and energy. 
In solvent scouring the solvent dissolves the wool grease efficiently however it is ineffective in the removal of 
wool suint, dirt , and proteinaceous matter. The equipment utilised for solvent scouting is complex and requires 
careful monitoring to 2 maintain safe operation. Wool scouring solvents can be unfriendly to the environment. These 
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factors have combined to reduce the adoption of solvent scouring. 
Most researches in the area of wool scouring have focused on optimising aqueous scouring methods to improve 
the quality of the scoured wool[3-JO J • Very little has been reported on the application of the ultrasonic agitation dur-
ing wool scouring. Ultrasonic agitation has been used in many fields for the removal of grease and surface contami-
nates. Conventional non-ionic detergent wool scouring utilises aqueous scouring liq)lors that are similar to those em-
ployed in ultrasonic cleaning so the possibilities of utilising ultrasonic agitation would be simple to implement. 
Ultrasonic agitation is generated by using high frequency sound waves (over 20 kHz). The frequencies of 25 -
130 kHz are often used for cleaning purposes. The working frequencies of 25, 28 and 40 kHz are the most common-
ly used. Theoretically the higher the frequency, the higher the cleaning intensity or the better the cleaning results. 
Ultrahigh frequency ultrasonic is usually applied for precision cleaning work. The forces generated by ultrasonic 
waves can help to clean the surface of the fibre. 
Ultrasonic cleaning works because ultrasonic sound waves radiate into a solution in the form of a vertical wave. 
When the waves propagate through liquid a negative acoustic pressure causes the fluid to fracture generating incal-
culable vapour filled" cavitation bubbles" of about 50 - 500!J.m in diameter. During the negative acoustic pressure 
cycle, the bubbles grow fast and generate hydraulic pressure over hundreds of mega-Pascal. This phenomenon is 
called" Cavitate effect". During the positive acoustic pressure cycle the bubbles collapse rapidly. The bubble un-
dergoes a violent implosion generating fluid jets and shock waves [II-I2 l . The micro-agitation occurring in the vicinity 
of the cavitation bubble effectively displaces dirt or grease which is bound to the surface. Ultrasonic agitation causes 
an improvement of osmosis of the solution. The processes of dissolution, dispersion and emulsification of fats and 
grease are therefore accelerated. 
This paper investigated the use of ultrasonic agitation of scouring liquors to improve the removal of wool grease 
using lower detergent concentrations and lower temperatures. It also examined the effect of grease content on scou-
ring for different fibre mean diameters. All ultrasonic agitation scouring test comparisons were made against low fre-
quency mechanical agitation scouring under the same condition. 
1 Experimental 
Two Merino wool fleeces were selected according to the fibre diameter. One fleece had a mean fibre diameter 
of approximately 18!J.m and the other 22J.Lm. Scouring consisted of five baths at fixed temperatures of either 50CC or 
60CC _ The first three baths contained varying detergent (0. 05, O. 125, O. 25 and O. 50glL) Hydropol TN450 
(Huntsman Chemicals) and O. 20glL sodium carbonate Na2 C03 • The last two baths contained water only. The fi-
bre was squeezed in an SDL pad mangle after each bath to remove excess liquor. The ultrasonic bath used was a 
Decon FS300B. The ultrasonic bath has a working frequency of 35 - 45 kHz. Mechanical agitation was achieved u-
sing a Ratek OM6 Platform mixer set at 180rpm. Temperature control was achieved using a Thermoline L + M Uni-
stat heater circulator. 
Mean fibre diameter was measured on the mechanically agitated scoured fibre using an OFDA2000 according to 
AS/NZS 4492.5 :2000. Residual grease content was measured using Soxhlet extraction according to the method giv-
en in appendix C of AS/NZS 4492.2 :2000. 
Three 5-gram wool samples from each scouring batch were arranged so that the fibres were parallel with each 
other and impermeable to light. The samples were then measured using a Datacolor Spectraflash 600 spectrophotom-
eter. Lightness, Whiteness and Yellowness values were obtained using a standard illumination light D65. 
The fibre surface before and after scouring was examined using a LEO 1530 field emission gun scanning elec-
tron microscope (SEM). Measurements were conducted with an EHT of 5kV, working distance (WD) of 15cm and 
aperture size of 60mm. 
Isothermal dyeing trials were conducted on two wool fabrics at 40 CC. One fabric had been subjected to 1 hour 
of treatment with ultrasonic agitation in the scour liquor whereas the other fabric was subjected to the scour liquor 
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with no agitation. Both used the detergent and alkali concentration used in the scour liquor. Fabric samples of 
1. 4 g were dyed in lOOmIs of distilled water with 0.2% w/w Lanaset Blue 2RA (premetalised dye - Ciba Specialty 
Chemicals) in an Ahiba Nuance Top Speed laboratory dyeing machine. Samples were removed every 25 minutes 
and measured for percentage reflectance at 100 to the horizontal at 590nm using a Datacolor Spectraflash 600. 
2 Results and discussion 
Figure 1 (a - d) shows the residual grease left in the wool after each of the scouring systems at the two scou-
ring temperatures used. Figures 1 (a) and (b) show the residual grease content after scouring at 60"C . The ultra-
sonically agitated 22fJ-m fibre had significantly lower residual grease content for the three lower detergent concentra-
tions. This trend is also seen in the 18 fJ-m fibre however the difference is not significant enough to verify the im-
provement. 
As can be seen from figures 1 
( c) and (d) the reduction of scou-
ring temperature impacts the level of 
residual grease left on the fibre 
scoured with mechanical agitation far 
more than that scoured with ultrason-
ic agitation. The micro scale high 
fluid pressures caused by the ultra-
sonic agitation emulsify and remove 
the grease more effectively than the 
mechanical agitation at the lower 
scouring temperature. 
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For ease of processing on the 
worsted system the residual grease 
content of wool fibre needs to be be-
low 2% [ 12 ] . All of the ultrasonic agi-
tation scouring systems that adopted 
on the 22fJ-m wool at 50"C and 60"C 
produced fibres with a residual grease 
Figure 1 Residual grease content versus detergent concentration at 6O"C 
(a)22fJ.Il1 fibre; (b) 18ILm fibre and at 50'C; (c) 22ILm fibre; (d) 18ILm fibre 
content below this figure. Most of the ultrasonically scoured 18fJ-m fibre at 60"C also had grease contents under 
2 %. The only one with a grease content over 2% was the sample scoured with very low de~ergent concentration 
( O. 05 giL). The same level was not achieved for the 18 fJ-m wool at 50"C as the starting grease content (17 %) of 
. the un-scoured fibre is almost double that of the 22fJ-m (9%) fibre and is harder to remove. 
Scouring yield is also a good indicator for the effectiveness 25.00 
of a scouring method. As the level of contaminant removal in-
creases so does the loss during scouring. Figure 2 shows how the 
loss during scouring is greater for the 18fJ-m wool samples that 
have undergone ultrasonic agitation for all of the detergent con-
centrations. This data mirrors the residual grease content for the 
same scouring temperature. 
Fibre colour was not significantly affected by the scouring 
method. There was no significant difference in the colour of the 
fibre scoured with ultrasonic agitation when compared with fibre 
scoured with mechanical agitation. An example of this is the YI 
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Figure 2 Percentage scouring loss for 18 f.Lm 
fibre at 50"C scouring temperature 
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for 22f.1m fibre scoured at 50"C. The ultrasonically agitated fibre has a YI of 17.21 and the mechanically agitated 
fibre has a YI of 17. 35. These results are indicative of all of the other colour results. 
The level of fibre entanglement is also an important factor in further processing and fibre length. The fibres that 
were mechanically agitated are quite felted whereas the samples that have undergone ultrasonic agitation have not 
felted at all. The reduced felting in the ultrasonic samples is due to the agitation happening at a micro scale. The fi-
bres are not significantly moved during the ultrasonic cleaning process so there is less chance for fibre migration 
seen in mechanical agitation. 
Figure 3 shows individual wool fi-
bres before scouring and after each of 
the scouring methods at 60"C. The me-
chanical agitation scouring system pro-
duces a ·fibre shown in figure 3 (b) that 
is typical of that seen by this method of 1 •• B~Riiiiiiiiiiilii ••••• Rii.iiiiiiiii.ii. 
scouring. It has had the grease and other 
surface contaminates removed and shows 
good scale definition and a clean sur-
face. The fibre shown in figure 3 (c) 
has undergone scouring with ultrasonic 
agitation. It also shows a good level of 
contaminate removal however it has sur-
face cracking not seen in the convention-
ally scoured fibre. Figure 3 (d) shows a 
(a) (b) 
magnified image of the cracking on the Figure 3 SEM images of (a) an un-scoured wool fibre, (b) wool fibre 
surface of the fibre. scoured with mechanical agitation, (c) wool fibre scoured using ultrasonic 
To verify this surface cracking, iso- agitation and (d) magnification of fibre cracks in image (c) 
thermal laboratory dyeing trials were conducted to see if there 
was an increase in the rate of dye uptake. Figure 4 shows the 
reflectance values for the wool fabric at 25 minute intervals 
during isothermal dyeing. A greater reduction in reflectance 
is seen in the sample that has undergone ultrasonic agitation. 
The sample is visibly dyed deeper than the fabric that has 
had no ultrasonic agitation. T~e increased dye uptake can be 
directly attributed to the surface cracking as the dye is able to 
diffuse into the fibre through the cracks as well as between 
the scales. This increase in dye pathways increases the rate 
of dyeing. 
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Figure 4 Reflectance versus isothermal dyeing time for 
ultrasonic and mechanicallyagitated wool fabric 
The energy developed at the surface interface of the fibre by the violent implosion of ultrasonically generated 
bubbles must be too high for the cuticle of the fibre to withstand. Suslick states that bubble collapse induced by 
cavitation produces intense local heating ( =5000"C) and high pressures ( =500 Atmospheres) for very short life-
times[131• The energy is localised and could impact only on the cuticle and not on the cortical cells of the fibre. 
Further work is being conducted to examine the full effects of ultrasonic damage to the fibre surface and the implica-
tions that may have on items produced from ultrasonically scoured fibres. 
3 Conclusion 
Ultrasonic agitation can be used during conventional non-ionic aqueous scouring to improve the removal of sur-
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face contaminants such as grease and dirt. In some fibre types ultrasonic agitation can be used t~ reduce scouring 
temperatures. Ultrasonic agitation does not affect fibre felting as it does not cause fibre migration like mechanical 
agitation. Ultrasonic agitation causes surface cracking to occur in the cuticle of the fibre. The surface cracking in-
creases the rate of pre-metalised dye uptake by the fibre. 
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